NH3-SCR has become the most popular and successful process of controlling the emission of NOx from coal-fired power plants. Scientists have been always working hard to design a series of new NH3-SCR catalyst to perform an appealing catalytic ability in practical application. Due to equipping with AFX framework structure and certain similar properties with SAPO-34, which has shown a good performance as an NH3-SCR catalysis, SAPO-56 could also have appealing abilities in SCR and realize a effective control of NOx. We synthesis the SAPO-56 with a varies of aluminum sources and with different crystallization times in order to determine the best conditions. The results show that, when taking aluminum hydroxide, pseudo-boehmite or aluminum powder as aluminum source and 4 days as crystallization time, the optimal SAPO-56 crystals could be well synthesized.
Introduction
NOx has become one of the most serious air pollutants with the rapid industrialization and urbanization, which could cause adverse impacts on both environment and society, such as inducing the formation of acid rain or acid fog, reducing agricultural productivity and having negative effects on human's health. Coal-fired power plant is the main source of NOx emission according to the data gathered from past decades. Dating from 1970s, developed countries such as Japan, the United States of America and Germany had adopted Selective Catalytic Reduction (SCR) as the major process of controlling the emission of NOx. SCR has become the most popular and successful process of treating the NOx containing industrial fuel gas in worldwide. In NH3-SCR, NH3 acts as reductant with the acceleration of catalyst to realize rapid conversion of NOx to N2 and H2O, both of which are environmental friendly production.
SCR catalyst is the core of SCR process. Although there exist varies types of catalysts, scientists still do not have an unanimous agreement on the most optimal SCR catalyst. The development of a new kind of SCR catalyst is still under continual research, which should be equipped with excellent properties of efficiency, selectivity, thermostability, chemical stability, life cycle and economical cost. Conventional SCR catalysts include noble metal catalyst, metal oxide catalyst, zeolite catalyst and carbon materials catalyst, in which we want to develop a new catalyst that could perform well under low temperature (below 250 ).
The initial development of microporous SAPOs (silicoaluminophosphates) were dated back to 1980s, when Flanigen et al. [1, 2] replaced some of the phosphorous atoms by silicon atoms. Due to owing outstanding chemical and thermal stability, catalytic properties, special shape selectivity, molecular sieving properties, ordered microporous crystalline structure and surface properties, SAPOs could be well applied to many industrial processes, including separations, catalysis and adsorption [3, 4, 5] .
SAPO-56, a crystalline microporous silicoaluminophosphate with pore sizes of ~3.4 × 3.6 Å, has become a research focus of new microporous zeolite catalyst. The research of SAPO-56 began in 1994 with the first synthesis by Wilson et al. [6] Recently SAPO-56 was reported with high absorption capacity and easily regenerated properties, which means that it could potentially be a kind of useful adsorbent and catalyst [7] .
In SAPO-56, silicon atoms replace some of the phosphorus and aluminum atoms in the neutral AlPO4 structural framework, which introducing the formation of Brønsted acid sites that are useful in catalysis. Wilson et al. [8] suggested that silicon caused the misfit of certain diffraction peaks in the Rietveld refinement. And there are also other reports of silicon substitution into an AlPO4 framework say that it could cause some types of disorder, such as faulting [9] and the creation of silicon islands [10] . Later the 29Si-NMR results show that silicon is distributed between isolated framework Td, silicon islands and silica debris [8] . However, when a minimum amount of silicon does not enter the framework, AlPO-17 will be obtained, which could impact the purity of SAPO-56.
According to its synthesis procedure and the appearance of its diffraction pattern, SAPO-56 might be a new member of the ABC six-ring family of structures depending on the early research of Smith et al. [11] . In 1998, Wilson et al. [8] proved that SAPO-56 had a unique topology, a AABBCCBB six-ring stacking sequence, which let it be assigned structure-type code AFX [12] . The structure of SAPO-56 (Figures.1) has two types of crystallographically different chains of cages; the first chain type contains alternating gme cages and double six-rings (D6Rs) and the second chain type consists of alternating aft cages and D6Rs [8] . Previous studies have made a serious characterization of SAPO-56 crystal, depending on XRD, SEM, NMR, Rietveld refinement and so on. The scanning electron microscopy (SEM) of SAPO-56 crystals show that there exist two types of crystal morphologies-flat hexagonal plates and disk-like crystal according to different synthesis conditions. Most of SAPO-56 crystals show hexagonal morphology, the large of which are about 50 micro size .The mixture of SAPO-56 and SAPO-17, which coexisted as a secondary phase, has been observed in previous report [8] .
There have been a series reports indicate that metal exchanged small-pored zeolites and Cu-Chabazite(Cu-CHA) show enhanced performance of NOx control in flue gas. Andersen et al. [13] have proven that, compared with other existing Cu-zeolites, metal exchanged small-pored zeolites and Cu-CHA catalysts show more prominent SCR activity at low temperatures and improved hydrothermal stability. And the reaction experiments also show that, under the temperature range of 250~450 , Cu-CHA show an outstanding NO conversion up to 90~100% [13, 14] . Fickel's [15] recent researches investigated the SCR activity of small-pore zeolites, including Cu-SSZ-16 (AFX) and Cu-SAPO-34 (CHA). These series of researches reported that: 1) Cu-SSZ-16 (AFX) performs remarkably well in NH3-SCR activity, whose conversion of NOx reaches ~100%; 2) In SSZ-16 (AFX), when entering the framework, molecule has about equal access to each pore and cavity in such three-dimensional pore structure, which extremely promote the SCR activity of this type of catalyst. 3) Cu-SAPO-34, which has CHA framework type, also performs well in NH3-SCR with excellent hydrothermal stability and catalytic activity [15] .
The most important reason for the high hydrothermal stability of Cu-SSZ-13, Cu-SSZ-16 and Cu-SAPO-34 is due to their constricting dimensions of the small-pores [15] . Since SAPO-56 also equips with such small crystal size and active acid sites, we speculate that SAPO-56 and its metal exchanged crystals could display a prominent performance in NH3-SCR activity and realize an effective control of NOx.
Methods
Here we present the synthesis of SAPO-56 with various types of aluminum sources and different crystallization times via hydrothermal heating. Hydrothermal synthesis is a conventional synthesis approach of zeolite, which has been applied in various zeolite synthesis. There also exist many other heating approaches of zeolite synthesis, such as Microwave (MW) heating [3, 16, 17, 18] .
The gel required for synthesizing SAPO-56 has the composition of: 2.0 TMHD: 0.6SiO2: 0.8 Al2O3: P2O5: 40H2O. The solution of phosphoric acid (85 wt%, Tianjin Guangfu Technology Development CO., LTD), deionized water and aluminum source is vigorously stirred for ~1 hour. Here we use aluminium hydroxide (Tianjin Guangfu Fine Chemical Research Institute), pseudo-boehmite (70%~75%, Zibo Yinghe Chemical CO., LTD), aluminite powder (99.5%, Tianjin Guangfu Fine Chemical Research Institute), and aluminium isopropoxide (99.5%, Tianjin Guangfu Fine Chemical Research Institute) separately as aluminum source. Colloidal silica (30.5%, Zhejiang Yuda Chemical CO., LTD) and N,N,N′,N′-tetramethyl-hexane-1,6-diamine (TMHD, 98%, Beijing Ouhe Technology CO.,LTD) are added subsequently. The resultant solution is stirred for 24 hours at room temperature and then the homogeneous gel is generated. The resultant gel is transferred into a 50 mL Teflon vessel then the vessel is placed into a stainless steel autoclave. Then the steels are placed into an oven and are hydrothermally heated for different times (the crystallization times include 48h, 72h, 96h and 120h here) at 200 . After cooling at room temperature, the solid product is separated with centrifugation and is washed at least three times with deionized water. Then the solid product is dried overnight in oven at 100 . The as-synthesized crystals are calcined at 550 for 8 hours in muffle to remove the organic template. After calcination, the as-synthesized crystals equip with outstanding sorptive properties.
As Wilson et al. [8] reported, there are various parameters effecting the purity of SAPO-56, such as template concentration, Si/Al, SiO2/P2O5, stirring intensity, temperature and time. Xie et al. [3] has estimated that the longer synthesis times might result in a change in concentration of the template (TMHD), which might favor the formation of SAPO-17 over SAPO-56. Although a portion of XRD peaks of these type of crystals correspond to SAPO-56 with AFX topology, however, we can observe that their integral XRD patterns are not so good as SAPO-56 crystals synthesized with aluminum hydroxide, pseudo-boehmite and aluminum powder. The accuracy of position and intensity of XRD peaks decrease to some degree, which means that the purity of this type of SAPO-56 crystals might not be optimal.
Results and discussion

Conclusions
In this research, we state the synthesis of SAPO-56 with different aluminum source and crystallization time via hydrothermal heating. By comparing different synthesis conditions, we could summarize that the optimal SAPO-56 crystals could be obtained when using aluminum hydroxide, pseudo-boehmite or aluminum powder via hydrothermal Intensity degree heating at 200 for 96 hours. Their XRD patterns are far more correspond to the standard XRD pattern of SAPO-56, which means that under such conditions, the purity and properties of SAPO-56 crystals are much more prominent.
